Resumo

Este artigo analisa o padrão espacial das causas mal definidas de morte no Brasil e sua relação com a evolução do registro de óbitos e as mudanças no perfil etário da mortalidade. Usamos o banco de dados de mortalidade disponível no Departamento de Informática do SUS e os censos demográficos de 1980 a 2010, e aplicamos métodos demográficos para avaliar a qualidade dos dados de mortalidade por 137 pequenas áre-as e corrigir o sub-registro de óbitos. A segunda parte da análise utiliza modelos de regressão linear para investigar a relação entre as mudanças na cobertura do registro de óbitos e o perfil etário da mortalidade em relação às mudanças no registro de causas mal definidas. Os resultados mostram que a cobertura do registro de óbito no Brasil saltou de 80% em
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Introduction
In Brazil, mortality estimates and the knowledge of levels and trends of mortality are limited by the quality of data 1, 2, 3, 4 . The most common problems faced are incomplete coverage of vital registration systems, errors in age declaration for both population and death counts, and lack of information on causes of deaths 1, 4, 5 . By international standards, Brazil is characterized by high levels of ill-defined causes of death 6 and regular levels of death counts registration 7, 8, 9, 10 . Information on causes of death is of fundamental importance because they provide subsidies to assess the health status of populations and for planning, monitoring and health evaluation, especially at sub-national levels 6, 11 . The high concentration of ill-defined causes of death reflects the lack of access to basic health services and the quality of healthcare 12 and is also considered an indicator for assessing the quality of the death registration system 1, 6, 11 . If the relative number of ill-defined causes of death is high, it will then harm the study of epidemiological and health transitions, especially across regions and over time 12 .
In the last three decades, the Brazilian government has made significant investments to improve the coverage of death records and quality of death counts registration 13, 14 . Although the vital registration system has shown clear signs of improvement in recent years, the quality of death counts coverage and information on causes of death varies widely by region 1, 3 . In this context, this paper aims to examine the spatial pattern of ill-defined causes of death across Brazilian regions, and its relationship with the evolution of completeness of the deaths registry and changes in the mortality age profile.
This study rests on two working hypotheses: (i) that there is an association between improvements in death counts registration and declining percentage of deaths reported as ill-defined; and (ii) that population aging and concentration of deaths at older ages are associated with increases in the percentage of deaths reported as ill-defined. We argue that regions with better death counts coverage present better quality reports on causes of death and, in other regions, as mortality coverage improves, the percentage of ill-defined causes decreases. However the quality of the cause of death registry is hampered by the concentration of deaths in ages 65 and above. Thus, the main objective of the present study is to test these two hypotheses by analyzing the temporal evolution of the quality of the causes of death registry and its association with the evolution of distribution of deaths above the age of 65 and coverage of death counts between 1980 and 2010.
Methods Data
We make use of the mortality database available at the Brazilian Health Informatics Department (DATASUS. http://www2.datasus.gov.br/DA TASUS/index.php?area=0205, accessed on 22/ Oct/2012). The data are collected by age, sex and cause of death at the municipality level. Population by age and sex comes from the national household census conducted by the Brazilian Institute of Geography and Statistics (IBGE) in 1980, 1991, 2000 and 2010. The deaths and ill-defined death causes information are provided by the ninth and tenth revision of the International Classification of Diseases (ICD-10).
We aggregated municipalities by comparable small areas, using the IBGE definition of comparable meso-regions. These regions are constructed utilizing regional and socioeconomic similarities. The meso-regions serve only for statistical purpose; therefore, they do not represent a political or administrative entity. The main advantage of working with these comparable areas is that they have not changed their boundaries over the period of analysis. Thus, we are able to follow and study 137 small areas between 1980 and 2010.
Coverage of death registration
To evaluate the coverage of reported deaths we use traditional demographic methods, called Death Distribution Methods (DDM) henceforth 15, 16, 17 . The DDM are commonly used to estimate adult mortality in a non-stable population and analyze mortality data quality in intercensal periods 15, 18, 19 . There are three alternative approaches. The Synthetic Extinct Generations (SEG) method uses age-specific growth rates to convert an observed distribution of deaths by age into the corresponding stationary population age distribution. Since in a stationary population the deaths above each age x are equal to the population aged x, the deaths in the stationary population above age x provide an estimate of the population of age x. The completeness of death registration relative to population is estimated by the ratio of the death-based estimate of population aged x to the observed population aged x. The General Growth Balance (GGB) method is derived from the basic demographic balancing equation, which identifies the growth rate of the population as equal to the difference between its entry rate and exit rate. This holds for openended age segments x +, and in a closed population the only entries are through birthdays at age x. The entry rate x + minus the growth rate x + thus provides a residual estimate of the death rate x +. If the residual estimate can be calculated from population data from two population censuses and compared to a direct estimate using the recorded deaths, the completeness of death recording relative to population recording can be estimated. It is argued that the combination of SEG and GGB might be more robust than either one individually. The combined method consists of first applying GGB to estimate any changes in census coverage (k1/k2), using the estimate to adjust one or the other census to make the two consistent, and then applying SEG using the adjusted instead of the reported population data 15, 20, 21 . They make several strong assumptions: (i) that the population is closed to migration; (ii) that the completeness of recording of deaths and population are constant by age; and (iii) that ages of the living and the dead are reported without error. There is a large body of literature on the methods 15, 16, 17 , but for reasons of space they will not be discussed in detail here.
The assumption that the population is closed to migration is important to Brazilian regions, since the country is marked by significant migration flows between its regions 22 . We follow the approach proposed by Hill et al. 15 by taking the average of the estimates produced by the combination of the general growth balance method with the synthetic extinct generation to provide the best fit for the model. The DDM method uses information on deaths and growth rates accumulated above a series of ages x. If there is some age x above which net migration is negligible, the performance of the methods above that age will be unaffected 15, 20 . We use the age range 30+ to 65+ as suggested elsewhere 15, 21 to avoid possible problems regarding migration and to overcome limitations as a result of old age reporting errors (referring to age declaration). The inverse of estimated coefficient is used to adjust the number of deaths by age and provide better estimates of mortality and life expectancy 15 .
The second part of the analysis studies the changes in the quality of mortality data between the periods of 1991-2000 and 2000-2010. We investigate the relationship between the changes in the percentage of ill-defined causes of death and changes in the percentage of completeness of death counts coverage and in the percentage of deaths above the age of 65. We study this relationship after controlling for other confounding effects such as regional and socioeconomic differences. Region plays an important role in the model, since Brazil is marked by large regional differences in terms of development and socioeconomic indicators 23 . This variable also captures other unobserved variables that could affect the quality of health data. The model has the following specification (1) and it is estimated for each period and for males and females separately.
(1) ΔY ill-defined.mortality = Δβ coverage + Δβ elderly.mortality + Δβ household.income + β region + ε
Results
Descriptive analysis Figure 1 shows the evolution of death counts coverage for each intercensal period across mesoregions in Brazil. Table 1 shows the evolution of the percentage of deaths recorded as ill-defined, death counts coverage for each intercensal period and percentage of deaths above the age of 65 in the country and by region over time, for each census year. The spatial trends and levels are very similar for both sexes, so for simplicity we only show results for males.
The results indicate a reduction in the overall levels of deaths registered as ill-defined in Brazil. From 1991 to 2010, the number of mesoregions with more than 20% of deaths registered as ill-defined reduced significantly across the country. Most of these areas were located in the Northern and Northeastern parts of the country. Most importantly, the pace of decline in the percentage of ill-defined causes of death is significant. Table 1 shows that in some areas the percentage of ill-defined causes declined from 72% of total causes to less than 30% over the period of analysis. The percentage of ill-defined death records is still high for international standards, but recent investments led to a clear improvement in data quality. In recent years, one can observe clusters of ill-defined death causes in the less developed Northern and Northeastern regions and better data quality in the South and Southeast regions.
Completeness of death counts increased from 80% in 1980-1991 to 95% in 2000-2010, but a large regional variation still persists in a similar pattern to the distribution of ill-defined causes of death. Figure 1 shows improvements in death counts registration across Brazil, and more specifically in the less developed parts of the country. In the first intercensal period, 1980 to 1991, for most of Brazil completeness of death counts registration ranged from 55 to 85%. It is observed that some mesoregions in the South and Southeast presented good data quality (95 to 100% completeness of death counts). Spatial heterogeneity gradually reduced in the following intercensal periods (1991-2000 and 2000-2010 is observed that data quality improved to other regions such as the Central, where Brazil's capital is located, and in some regions in the Northeast. Very poor data quality was still observed in some states, for example, in Maranhão and Piauí states and in most states in the Northern region.
In the most recent period, 2000 to 2010, the completeness of death counts coverage varies from 32% in the worst area (located in the Northern state of Amapá) to 100% in several mesoregions of the South and Southeast and in many parts of the Northeast coast and Central mesoregions. The estimated coefficients indicate that a large number of regions in Brazil do not collect complete information on the number of deaths that occurred in the region, this leads to an overestimation of life expectancy and might mislead public health policies, although clear signs of improvement were observed all over the country.
Finally, the demographic and epidemiological transitions combined lead to an increase in the percentage of deaths above the age of 65, for males and females. In 1991, parts of the South and Southeast and most of the Northeast had a higher concentration of deaths (more than 55%) among individuals above the age of 65 compared Table 1 Descriptive statistics of the quality of mortality data by mesoregions, in males. Brazil and regions, 1980 to 2010.
Regions
Percentage of ill-defined to other parts of the country. In 2010, it is observed that in addition to those regions, other mesoregions in the Central, Northeast and North of the country also present a large concentration of deaths above 65. A similar aging process has been observed in other countries 24 and could have a direct impact on the quality of mortality data across Brazilian regions. Some authors identify that a significant percentage of ill-defined deaths occurred at home without an attending physician making it more complicated to identify the correct cause of death 1, 25 . Other scholars pointed out that, in the past today's elderly were exposed to curative medicine and not to health promotion and disease prevention 26 . Therefore, due to the lack of longitudinal care of the elderly, it is not possible for physicians to always know what the factors involved in the elderly's death were, nor even, sometimes, the main cause.
The empirical evidence presented above indicates that as the population ages and older individuals live alone 25, 27 there will be an increasing demand for accessing the quality of death information for older individuals.
Regression analysis
We then look at how variations in the percentage of ill-defined causes of deaths are associated with changes in the completeness of death counts coverage and the age pattern of mortality (deaths over age 65). Tables 2 and 3 show the results of the regression models for each intercensal period for males and females, respectively.
From 1991 to 2000, the results indicate that an increase in 1% in the completeness of death counts coverage for males is associated with a 0.24% reduction in the percentage of ill-defined causes of deaths. The result is statistically significant at the 1% level. Thus, improvements in data collection of death counts seems to occur alongside enhancements in reports of death causes. For females, the association is also valid (coefficient of -0.16), but somewhat weaker and statistically significant at the 10% level. We argue that this difference is related to the historically low levels of death count completeness for females in Brazil 1, 3, 28 . In the more recent periods, we do not find any significant association between changes in the completeness of death counts coverage and quality of causes of death information for both sexes. It seems that in the more recent period, changes in the declaration of causes of death are more closely associated with changes in the mortality age profile.
In relation to the concentration of death at elderly ages, the results point to a positive association between the percentage of deaths above the age of 65 and the percentage of deaths recorded as ill-defined. For males, an increase in 1% in concentration of deaths above 65 is associated with a 0.61% increase in the number of ill-defined death causes from 1991 to 2000. In the last decade, the strength of this relationship is reduced, and a 0.55% increase of ill-defined deaths Table 2 Linear regression models of the variation of percentage of ill-defined deaths, in males. Brazil is associated with a 1% increase in the concentration of deaths above the age of 65. The results for males are significant at the 1% level. For females, however, we find no evidence that an increase in the percentage of deaths over the age of 65 is associated with the quality of causes of death information. These results are probably related to the different way that males and females use health services in Brazil 29, 30 : since females have a longer and more regular medical history, it is possible that health workers have more reliable information for determining their cause of death, than is the case for males. Also, males tend to die more often outside health facilities, thereby reduces the chance of determining the cause of death 31 .
The results also seem to indicate that changes in data quality in the Northeast and North regions have been slower than changes observed in other parts of the country, and regional differences in both periods are more pronounced for females than for males. Furthermore, the Central region does not show significant statistical differences compared to the South and Southeast regions in both periods.
It is important to mention that socioeconomic developments do not have a strong association with the observed improvements in the past two decades. It seems governmental and administrative investments in collecting death records are the main reason for the recent improvements in the Brazilian system for death statistics.
Discussion
Death counts and causes of death data are fundamental information to plan public health measures in most countries, and the evaluation of data quality is an important step to achieve high levels of quality 11 . Previous studies have shown improvements in the vital registration system in Brazil, but to the best of our knowledge, this is the first study to investigate the issue covering the last three decades and analyzing smaller areas (mesoregions). The main finding of this paper is that there has been an improvement in the collection of mortality data in Brazil. The completeness of death counts coverage increases from about 80% in 1980-1991 to over 95% in 2000-2010, while at the same time the percentage of illdefined causes of deaths was reduced by about 53% in the country. There are still large regional differences; the South and Southeast have much better data quality than the rest of the country. However, we observed clear improvements in the quality of data in the less developed regions of Brazil 1 . However, contrary to what could be expected, the improvements in data quality are not closely associated with regional socioeconomic indicators.
The observed improvements seem to be very closely associated with investments in the public health care system and administrative procedures to collect vital statistics 1, 32, 33 . Thus, the quality of mortality data for adults seems to have expressively improved through the years and across many regions. At the same time, we find that in areas where mortality is concentrated at older ages, the percentage of deaths registered as ill-defined also increases.
Britton 34 argues that the high proportion of ill-defined causes may be due to a greater difficulty in selecting the true cause of death among the elderly. Due to the aging process, the elderly population starts to present many connected morbidities 27 and several chronic degenerative diseases such as cancer, hypertension, diabetes and other diseases of the circulatory system, and hence the decision about the real underlying causes become more complex in these cases 34 .
Other authors also emphasize the role of the physicians responsible for filling out death certificates. According to them, the most relevant factor that contributes to a greater proportion of ill-defined deaths at old ages in Brazil is an inadequate report by the physicians of the actual causes of death (underlying, associated and complications) in the death certificates 25, 33 . It should be highlighted that the tradition of curative medicine in Brazil -and the lack of preventive and continuous health service 26 -sometimes makes it difficult for physicians to judge accurately the main cause of death in the elderly.
These results lead to a discussion about how ill-defined mortality can be seen as an indicator of data quality. Previous studies showed that a higher proportion of ill-defined causes of death are found among the elderly and small children, are more concentrated in less-developed regions of the country and that most of them happened outside a health facility 1, 25, 31, 33 . We should expect that the number of ill-defined causes of death would decrease as improvements in diseasediagnosis develop over time. On the one hand, as senescence progresses, new diseases might appear and more investments in the diagnostics processes might be necessary. On the other hand, some authors argue that the concept of senescence could be accepted as a cause of death for the very old and, therefore, should not be considered as indicative of poor quality mortality data 35 . In this case, ensuring the quality of mortality data for the elderly will require more care and investments in the health care of this particular age group, especially because these deaths could occur outside a health facility 1 . Furthermore, some scholars also advocate that, in order to have an accurate epidemiological profile for the elderly population, we should invest in more methods and not rely only on death certificates 25 .
Although the study has important findings for the planning of public health measures in Brazil, the results should be viewed with caution. The main limitation is the application of the death distribution methods for small areas 15, 36 . The methods make strong assumptions about closed populations and the constant quality of declarations across ages that is more limited for smaller areas. We believe that this is an important area for future research. In this paper, we have followed similar approaches performed by others 15, 36 and we considered them to be reasonable based on the relative pattern of completeness across regions. Despite these limitations, we believe that the study gives important insights about the evolution of data quality in Brazil and indicates that the South, Southeast and Central regions have good mortality data and the North and Northeast have shown consistent improvements in recent years.
The analysis suggests that efforts made by central and local governments to improve data quality in Brazil 32, 33 are showing signs of success, and that they will allow a better understanding of the dynamics of health and mortality transition in Brazil. It is clear, however, that more investments are necessary in some parts of the country that are still lagging behind in this area. It is important that there be continuous study and evaluation of data quality, especially for small areas and investments for all administrative levels to improve health information in Brazil. However, further analysis should also be done to understand better what is happening at the local level, since ill-defined causes of death records are considered to be an indicator of poor data quality and health services, and workers in the health sector might be induced to report any cause of death to avoid reporting the event as ill-defined. In this area, continuous investments in the Brazilian Family Health Program 32,33 could have important impacts on the improvement of mortality data quality in Brazil since its personnel work closely with the community and accompany the health status of several individuals under their jurisdiction.
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